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Bismuth ferrite, BiFeO3, is an important multiferroic material, which simultaneously exhibits ferroelectric ordering and anti-
ferromagnetic ordering in bulk form. Samples of Bi1−xYxFeO3 (x=0, 0.05, 0.10, 0.15 and 0.20) were prepared by conventional 
solid state reaction. By X-ray diffraction and Raman scattering spectra, the crystal structures of the samples were identified as 
rhombohedral with R3c space group, in addition to a second phase at x≥0.05. Multiferroic properties of the samples were also 
measured. With the increasing of Y content, the relative dielectric constants of the samples increased gradually, while the loss 
tangents firstly decreased and then began to increase. Meanwhile, the saturation magnetization values were significantly enhanced, 
namely 0.1440, 0.7468, 1.9217, 3.3309 and 6.2774 emu/g at 300 K for x=0, 0.05, 0.10, 0.15 and 0.20, respectively. 
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Multiferroic materials exhibit simultaneous presence of 
(anti)ferroelectricity, (anti)ferromagnetism and ferroelastic-
ity in the same phase [1]. In the past few years, great atten-
tion has been paid to multiferroics due to both their poten-
tial applications for electronic device and fascinating fun-
damental physics. The well-known single phase multiferro-
ics were mainly Mn- or Fe- based oxides. Among them, 
BiFeO3 was the one which showed ferroelectric order below 
a high Curie temperature of about 830°C and G-type canted 
antiferromagnetic order below a high Néel temperature 
about 370°C [2,3]. In bulk form, BiFeO3 had a rhombo-
hedrally distorted perovskite structure with space group R3c. 
Its ferroelectric order originated from the stereochemical 
activity of Bi lone electron pair. Meanwhile, the G-type 
canted antiferromagnetic order in BiFeO3 was mainly at-
tributed to the first-order Jahn-Teller (structural) distortion 
controlled by the partially filled 3d orbits of the B-site Fe3+ 
ion [4,5]. 
Much work has been done since the discovery of BiFeO3 
in the 1960s. Thin films of BiFeO3 have been well studied 
and great achievements have been made [1,6,7]. However, 
research work is still hindered greatly by the easy formation 
of various impurity phases (e.g. Bi2Fe4O9, Bi25FeO40) during 
synthesis [8]. Presence of such impurities resulted in high 
leakage current in the samples, leading to poor ferroelectric 
behaviour. In order to increase the dielectric constant, re-
duce the leakage current and improve the ferroelectric po-
larization in BiFeO3, some attempts, including a doping at 
the Bi/Fe site, were made. There were also some reports on 
the synthesis of solid solution of BiFeO3 with other 
perovskite structures (with different concentrations), which 
had improved electrical properties of BiFeO3. The ferro-
electric and ferromagnetic properties of cationic substituted 
BiFeO3 were also reported [9–11]. Palkar et al. reported the 
ferroelectric and ferromagnetic properties of La and Tb at 
the Bi site, and La at the Bi site and Mn at the Fe site sub-
stituted BiFeO3. Though they did not observed any im-
provement in the ferroelectric properties in La/Mn- substi-
tuted BiFeO3, a small enhance ment of magnetic properties 
was clearly observed. Yuan et al studied Raman scattering 
spectra and ferroelectric properties of Nd-substituted 
BiFeO3 ceramics [12]. 
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In this paper, we report the effect of Y modification (5―
20 mol% at the Bi site) on the chemical structure and mul-
tiferroic properties of BiFeO3 ceramics. 
1  Experimental 
Ceramics of Bi1−xYxFeO3 (x=0, 0.05, 0.10, 0.15 and 0.20) 
were prepared by the conventional solid state reaction. 
Starting chemicals of Bi2O3 (99%), Fe2O3 (99%) and Y2O3 
(99.99%) were used. After weighing, ball milling and dry-
ing, the mixed powders were calcined at 780°C for 2 h. The 
powders were then ball-milled again, granulated with poly-
vinylalcohol (PVA) solution as a binder, and pressed into 
disks of 13 mm in diameter and about 2 mm in thickness. 
The pellets with x=0 and x≥0.05 were sintered at 850°C 
for 3 h and 870°C for 3 h in air, respectively.  
The crystal structures of the samples were examined by 
X-ray diffraction (XRD) by an X-ray diffractometer (Pana-
lytical X’pert PRO) with Cu Kα radiation. Raman scattering 
spectra were measured at room temperature using a Raman 
spectrometer (Renishaw R1000) in back-scattering geome-
try. The magnetic properties of these polycrystalline sam-
ples were measured by using a superconducting quantum 
interference magnetometer (MPMS XL-7). In order to study 
the ferroelectric properties of the samples, the samples were 
polished properly, and silver paste was applied to their both 
major surfaces as electrodes. The dielectric properties of the 
ceramics were measured using a precision impedance ana-
lyser (HP 4284 A). The ferroelectric measurements were 
performed using a precision workstation system in silicon 
oil at ambient temperature. 
2  Results and discussion 
2.1  XRD patterns and phase structure 
The compound BiFeO3 had a rhombohedrally distorted 
perovskite structure with space group R3c at room tem-
perature. However, for pure BiFeO3 bulk ceramics, some 
previous researches indicated that the impurity phases, e.g. 
Bi2Fe4O9, could be formed during the high-temperature sin-
tering and binary or ternary solid solution of BiFeO3 could 
prevent the formation of second phase [11,13,14]. As shown 
in Figure 1, in the pure BiFeO3 ceramic sample, besides 
BiFeO3 with R3c structure, an obvious second phase 
Bi2Fe4O9 can be observed. Once Y substituted at the Bi site, 
the phase Bi2Fe4O9 can not be observed. However, with 
increasing Y content, another phase Y3Fe5O12 appears in the 
x=0.05, 0.10, 0.15 and 0.20 ceramic samples. 
2.2  Raman spectrum 
The Raman scattering spectra of Bi1−xYxFeO3 (x=0―0.20)  
 
Figure 1  XRD spectra of Bi1− xYxFeO3(x=0―0.20) samples. 
 
Figure 2  Raman spectra of Bi1−xYxFeO3(x=0―0.20) samples at room 
temperature.  
samples, recorded at ambient temperature, are displayed in 
Figure 2. It can be seen that the first three intense peaks at 
138, 170, 215 cm−1 and a weak-intensity peak at 421 cm−1 
manifest A1-1, A1-2, A1-3 and A1-4 modes, respectively. The 
remaining six small peaks at 278, 331, 368, 471, 537 and 
608 cm−1 are assigned to be E-1, E-2, E-3, E-4, E-5 and E-6 
modes. It is in good agreement with the result [14], in which 
there were ten normal modes, including four A1 modes and 
six E modes in the (111) c-oriented BiFeO3 epitaxial films 
with rhombohedral R3c symmetry. However, it is not the 
same as another report [15], in which the Raman active 
modes of the rhombohedral R3c BiFeO3 could be summa-
rized: Γ =4A1+9E. Since Raman scattering spectra are sen-
sitive to atomic displacements, the evolvement of Raman 
normal modes with increasing x can provide valuable in-
formation about ionic substitution and electric polarization. 
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With increasing x, there is a change of Bi-O covalent bonds 
as a result of the decline in the stereo-chemical activity of 
the Bi lone electron pair. This change, in conjunction with 
the A-site ion disorder induced by the Y substitution, weak-
ens the intensity and broadens the width of almost all nor-
mal modes. A mode at 475 cm−1 is observed in x=0.05, 0.10, 
0.15 and 0.20 samples, consistent with YIG [16]. 
2.3  SEM 
The scanning electron micrographs of Bi1−xYxFeO3 (x=0―
0.20) ceramics are shown in Figure 3. The average grain 
sizes of all the samples are in the range of 2-3 μm. Com-
pared with the powders of x=0 sample, the grain size of 
x≥0.05 gradually becomes small. Much smaller grains are 
observed in the x=0.20 sample. 
2.4  Dielectric properties 
Relative dielectric constant as a function of frequency in the 
range 20 Hz to 1 MHz for Bi1−xYxFeO3 (x=0―0.20) ceram-
ics are shown in Figure 4. It indicates that with the increase 
in Y doping, the dielectric constant enhances to a high value. 
The relative dielectric constants at room temperature are 
121, 127, 133, 143 and 140 for x=0, 0.05, 0.10, 0.15 and 
0.20, respectively. Most of the ceramic samples exhibit di-
electric dispersion. The value of the dielectric constant is 
high at low frequencies and decreases with the increase in 
frequency. This behavior can be understood in terms of 
space charge relaxation, at low frequencies (about 1 kHz) 
the space charges are able to follow the frequency of the 
applied field, while at high frequencies (about 1 MHz), 
space charge effects may not have enough time to build up 
and get relaxed out. The dissipation factor, tan δ, which is 
the dielectric loss, follows the same trend as the dielectric 
constant over the whole frequency range of 20 Hz―1 MHz. 
 
Figure 4  Frequency dependence of dielectric constant and loss tangent of 
Bi1− xYxFeO3 (x=0―0.20) ceramics. 
The loss tangent of x=0.20 sample is much higher. The 
temperature dependence of the dielectric constant, measured 
at 1 MHz, is shown in Figure 5. The dielectric constant 
firstly enhances with increasing temperature, and then drops 
at some temperature. The dielectric anomaly is observed 
near the magnetic transition temperature. The dielectric 
peaks appear at 430°C, 420°C, 410°C, 400°C and 380°C for 
x=0, 0.05, 0.10, 0.15 and 0.20, respectively. This type of 
dielectric anomaly in magnetoelec- trically ordered systems 
was predicted by the Landau-Devonshire theory of phase 
transition as an influence of vanishing magnetic order on 
the electric order [11]. 
2.5  Ferroelectric properties 
The ferroelectric hysteresis loops of Bi1−xYxFeO3 (x=0―
0.20) ceramics are shown in Figure 6. The pure BiFeO3 
sample show small hysteretic loop with double remnant 
polarization of 0.2622 μC/cm2 at coercive field of 20 kV/cm. 
On Y substitution, the loop gradually changes to that of 
ferroelectric nature reducing the leakage. The ferroelectric 
 
Figure 3  Scanning electron micrographs of the Bi1−xYxFeO3 (x=0―0.20) ceramics. 
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polarization of x=0.05 and 0.10 samples, which have higher 
dielectric constant and lower loss tangent, is 0.3192 and 
0.3226 μC/cm2. The difficulty in observing the ferroelec-
tricity of x=0.20 sample is attributed to the presence of an-
other phase (YIG) and much small grains, which result in 
high leakage current. 
2.6  Magnetic properties 
The magnetization-magnetic field (M-H) curves of 
Bi1−xYxFeO3 ceramics were measured with a maximum 
magnetic field of 20 kOe, as shown in Figure 7. The partly 
enlarged curves are shown in the corresponding inset. No 
macroscopic magnetization can be observed in x=0, consis-
tent with other reports [17–19]. On the other hand, the 
curves of x≥0.05 are clearly not collinear. The saturation 
magnetization (Ms) are 0.7468, 2.1108, 3.3276 and 6.2703 
emu/g for x=0.05, 0.10, 0.15 and 0.20, respectively. The 
remnant magnetizations (Mr) are 0.0264, 0.0545, 0.1019 and 
0.1165 emu/g, respectively. The Ms and Mr values as the 
function of x are plotted in Figure 6(f). A relevant research 
[20] reported that the Y substitution could suppress the spin 
cycloid of BiYFeO3. Further analysis reveal that the Ms and 
Mr values of Bi1-xYxFeO3 with x=0.15 and 0.20 are signifi-
cantly bigger than those of others, suggesting that with 
x<0.10, the Y-substitution can only suppress but can not 
destruct the spin cycloid, which is responsible for the lim 
ited and smooth increase of the Ms and Mr values. However, 
when x≥0.10, the Y-substitution result in a structural phase 
transition wherein the spin cycloid may be destructed, so 
that the latent magnetization locked within the cycloid may 
be released, and a significant increased Ms and Mr values is 
observed. However, when x≥0.10, another phase Y3Fe5O12 
is found evidently, which also can contribute to the in crease 
of magnetization value. Whether Y-substitution can improve 
the saturation magnetization so much should be discussed  
 
Figure 5  Temperature dependence of dielectric constant and loss tangent 
of Bi1− xYxFeO3 (x=0―0.20) ceramic.  
more and another effective analytical method should be in-
troduced to assist. Since the intrinsic magnetization coupled 
to the electric polarization in single phase multiferroic mate-
rial, the ME coefficient can distinguish the magnetization 
improvement attributed to Y3Fe5O12 or both of Y3Fe5O12 
and Y-substitution. But so far, ME coefficient of BiFeO3 at 
room temperature is too tiny to measure accurately, there-
fore, more precise test instruments are needed to analyze it. 
 
Figure 6  Ferroelectric hysteresis loops of Bi1− xYxFeO3 (x=0―0.20) ceramics. 
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Figure 7  M-H curves of Bi1−xYxFeO3 ceramics with x=0―0.20 for (a)―(e) and saturation magnetization and remnant magnetization versus x value (f). 
3  Conclusions 
Ceramics of Bi1−xYxFeO3 (x=0, 0.05, 0.10, 0.15 and 0.20) 
was synthesized via solid-state route. Small Y substitution 
at Bi site could eliminate the impurities phase of BiFeO3 
ceramics. With the increase of Y content, the relative di-
electric constants of the samples enhanced gradually, while 
the loss tangents firstly decreased and then increased. The 
dielectric anomaly was observed near the magnetic transi-
tion temperature. Though no improvement in the ferroelec-
tric properties, remarkable enhancement of magnetic prop-
erties were observed in Y-substituted BiFeO3 with Ms 
6.2703 emu/g. 
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